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ABSTRACT 


An investigation was csrried out to determine the effect of 
condensation on the pressure distribution around a right cylindrical 
cylinder in cross flow. A Single cylinder in an infinite flow end a 
cylinder with nearby walls were analyzed for comparison with the test 
section data. It was found that condensation does alter tne pressure 
distribution with larger rates of condensation. 


A vertical test section orientation was used to facilitate 
correlation with general condensors and to aid in condensate removal. 


The condensation was found to behave in a manner enalogous to 
boundary layer suction thus causing the profile of pressure coefficient 
to move toward the ideal solution ana the voints of seoeration to move 
nearer tne wake stagnation point. With this analogy to boundery layer 
suction, steam devices such as diffusers and condensors may be designed 
more efficiently. 
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NOMENCLATURE 


~ aree in ft. 
~ diameter in in. 


- local acceleration of gravity in ft./sec. 


- gravitationel constant 32.17 dont ts a 


- manometer levels. 

- principal meter constant.) 

~ mass rate of flow in Lbm feces 

- Reynold's Number based on diameter. 
- pressure in lbf./in.*. 

~ flow rate in ft.2/sec. 

- radius in in. 

- specific gravity of fluid. 

- tempereture in °C. 

- specific volume in ft.3/lbn. 


=" velocity in ft./sec. 


ik Letters 


- diameter ratio 


~ density lbm./ft.3 

—- viscosity (1bm./hr.-ft.) 
- strean function 
Seecniae (0) 


- specific veight lbf./ft.3. 
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CHAPTER I 
INTRODUCTION 


The purpose of this investigation was to determine whether or 
not any condensation of a steam boundsry layer would cause the cressure 
distribution through the layer to chenge. If the large volunetric 
cnange occurring with the condensation of steam could be used to reduce 
the boundary layer thickness, perhaps the phenomenon could be used to 
produce more favorable pressure gradients in steam devices, less drag 
on objects in steam flow, or reduction in the size of steam condensing 
devices. 

For example, a common steam device, the steam diffuser, might be 
designed more efficiently. In the case of expanding section crea devices, 
the diffuser can have separation occurring elong its wells because of 
the adverse pressure gradients. Manuel extraction of mass elong the 
walls will reduce the adverse pressure gradient and reterd separation. 

One possible geometry for a diffuser is a vertical exis of flow 
and porous condensing walls. Any condensation would be removed with 
the assistance of gravity and the pressure gradient created across the 
diffuser wall. A porous wall could be constructed with ¢ tightly 
soirelled exzanding cone of small diemeter copper tubing. 

As a vehicle for the demonstration of this pnenomenon the right 
cylindrical cylinder was chosen. Tne litereture ebounds with theoretical 
and experinental studies of the flow patterns, pressure cistributions, 


drag coefficients, etc. of a cylinder in a uniform streaming flow. 





Mathematical solutions for tne velocity distribution around e cylinder 
in a streuning Flow with and without circulation or solutions to the 
Navier-Stokes equations for small Reynold's Number flows are found in 
texts by Lamb(1), mMiine-Thompson(*), end Schlichting(3), 

The exact eclution to the steady state boundery leyer ecuations 
for the flow past a cylinder as solved by Blasius is contained in 
Schlichting. Drag and viscous data from various experiments are found 
in Schlichting, Rohsenow end Choil4) end Robertson 5) , Some of the 
experimental pressure coefficient data as presented in Robertson is 
found in Figure I. A more detailed enalysis of the use of images to 
produce walls in e streaming flow around a cylinder is outlined in 
Robertson. 

The simple solution for the velocity distribution cround a cylinder 
in a stresming flow and s similar solution using two images are outlined 
in Chapter II. 

The preseure distribution around 6 cylinder in 4 streeming flow 


is best charecterized by a pressure coefficient which is defined as: 





eee 
Ve iF 





fie 



















































8 wet . hese sed “4 ero ocisy 
Scud tahgs bated sages reac: a 
ft niiniines os Agee 
I: tt Lihat thet ie FFE ct 

: ead prea tanesnadca teas ei ad 
arti beri. atte co cae ori mi 
2) OS) oa ad ah eats! 
we: ts Aas 1. au ; ; 
ike ied fae piythest aftr 

BE ges cages gas) ue wea 















HP —— cp Fs : 1 
ctf DEAL Fiwid 
itt ith PREDICTION 





E 


ee 
tee 
x= 








ay he 
“4° f~ 


yg 





ro 











siees 





ci 


ree te 
= arava toate F 





























Ae ae 
Bye CBSEe Tyee" 


Hi 


ee 


~~ pe we 
os 


owe wh ae 


ii 


Hi 


sonee 

b+, 
sae 

ee 

a Sale tan pee 

ae © ee eee 
) ee ee te 
Ga 
Hages 
Osten 
R 


augue 


4 ae 


a ey 
abe oe § oe — 
ne ee ms 


ee eee 


whem tn aw = 
ee eo 
















5 * 
con rr om fret pe 
oa a0] B esee 
oun E La) (pee 
sungdekood cs sieeasae 

Lil ! _ 

aaah t st ae 

- od oS 

gaa 5 + dnote fap pe eet 
pi (eles Ta 


1 
ney 


aa 
& 


aga 
if 


ae 


anes 
Tist 


° 
t 
é 
co 
on 


| 
| 
: 















{ 
% 
- a = 
Sea) 
— ee Aedes Eee - 
be ws-bee =e . e- . rs 
pee i ga 
— SSS SS 2-22 re ts ies ' ‘ ] 
Lee & oo) edo © me wo ret aoe ae ‘ -ee@ toe re ee : 
bopeh be <cuee fiers: whe perm ee bey S od o Fe - + : . . -* - 
ee oo ~—— aie (O-n ||| a a) A ° (; e (po 1 =. : [a : cane 
= =e ee eS ee Recs ot Sh Lg Bee) ASS 
S| Bee ee eee ae 7 mate oeel. <—-- ! =r 
ee eit cl a ne Le (De: TEES 
cee bev fpoeses beh + penta rep res — 5 Sere ect a e Racin Ld - : 
ee or er oe oe bebifoe cae meee] - eee r : - ere ee = j 
. “ ip a ‘ ee a ny 
- 
. 





The variation of Cp around the surfece of 4 cylincer is a 
direct fonction of the Reynold's Number of the flow. Beginning with 
the leading stagnation point, the boundary leyer thickness increases 
until at some point along the surface tne pressure gradient becomes 
such that the flow seperates fron the cylinder producing a wake. The 
point of separation is controlled by the Reynold's Number of the flow. 

As seen in Figure I, the point of separation cen be placed in 
the region of 70-809 of rotation from the leading stagnation point 


for low Reynold's Nunber flow to a maximum of apcroximately 103° for 


high Reynold's Nuaber flows. 


——— 


If condensstion were to effect the boundary layer thickness 
around a cylinder, the smount of condensation could also effect tne 


thickness. 


An exoeriment was conducted in a rectangulér aluminum test section. 
The cylinder was inserted through one side vie a packing gland. The 
other side of the test section was fittec with a window for observation. 
In the cylinder's surface was placed a stutic pressure tap. This tap 
ras used to measure the pressure around the circumference of the 


cylinder by rotating the cylinder to the desired position. A deteiled 


drawing of the test section and cylinder «re presentec in Figure II. 
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FIGUKE II 
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This thesis wiil be devotec to the measurement of the pressure 
coefficient eround a cylinder in 4 streaning flow for three condensation 
rates in order to determine whether or not sny variation in the patterns 


exist and if any do exist, whetner or not they ere significent. 
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CHarTrR IL 


ANALYSIS OF FLOW ABOUT & CLLINDER 


Cylinder in en Infinite Streaming Flow 

Using an irrotational, non-viscous fluid es an ideal model 
of the flow field, potential flow theory provides an analysis 
technicue to determine the velocity at eny point in the field. 
A stream function consisting of that for a doublet end a streeming 
flow will represent @ cylinder in an infinite mediun. 


» = Vo sino [r - R*/,] 
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170 Ne Vv 
= 2-4 sino 


This idealized model of the flow pattern around the cylinder 
will serve as @ maximum to which the measured values of the 
pressure coefficient can be compured. This pressure coefficient 
Cieoprinimeion is plotted in Pigiure I. 

Cylinder in a Finite Etreaming Flow with Wallis 

Again uSing potentiel theory witn the aid of two imeges to 
create the walls near the central cylinder, a pressure coefficient 
distribution eround the cylinder can be found numerically at a few 


points around the circumference. 





POTENTIAL THEORY IMAGE LOCATIONS 


: FIGURE III 
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Using linearity and superimposing the three velocity equations 


= 
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Vj =-V fl + RS sin 1 Raye Re j 
0 al ae. s) all ie. SU 
L 
2 
R 
wa Vy (1 + =] sino, 
2 
where 0, = tant 1 BoeUh eget) 
cosg 
Q5 = tan (3.14 + sino) 
cosé 
a = R2 [cos*9 + (3. te = sino) *} 
ro” = R* [cos*o + (3.14 + sino)? ] 
2 
mee. a 
using C =] -+-—~- 
p y 
) 


the results are tabulated in Table I below. 


Degrees | O 30 60 90 
pYo fo [any | acne, | aay 
% F 3.383 y 2]_ 2 2 
or | =n.562 jem [ase 


PRESSURE COEFFICIENT CALCULATION 


CG 1.0 ‘ 


TABLE I 






0057 





Thais is an approximate solution in order to judge the affect 
‘of walls aoe pressure coefficient distribution. An infinite 
number of images and the corrections for tne flattening of the 
stapnation stream line from its cylindricel shape were not 
considered warranted for this approximation because the walls were 


so distant. 
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Robertson (5) states that when the image is twice tne nominal 
cylinder radius from the wall, tne cylinder is elongated about 1.6%, 


Rs can be secn from the analysis, the emount of distortion is smell. 





CHAPTER IIL 


EXPERIMENTAL PROCEDURE 


Description of Apparatus 

In order to tieasure the pressure distribution around e 
cylinder while in a cross flow, the experiment was designed to 
provide a pressure tap in the cylinder surface midway between the 
walls of the test section. A 7/8" diemeter conser cylinder wes 
proviced with a loose packing gland around it in order thet the 
pressure distribution could be echieved by rotating the cylinder 
to the desired anguler position. Condensetion on the surface of 
the cylinder was caused by supplying cooling water to the interior 
of the cylinder assembly. 

A test section was constructed froin 1/8" thick eluvinun 
extruded rectenguler tubing. The interior dimensions were 1 1/2" 
by 2 3/4". The overall length of the test section was 48 inches 
with the cylinder pleced ebout mid--lengtn and in the middle of the 
chennel. A honeycomb flow straightener was placed at the becinning 
of the test section to provice a uniform flow condition scross the 
test section. A window wasS provided in the wall at the end of the 
cylinder to allow visual studies of tne condensation patterns 
around the cylinder. 

Instrumente tion 

To measure the Reynold's Number of tne flow a stendard ASHE 

scuare edged thin orifice was placed in the flow. This orifice 


was placed in the center of the recténgulér section. Pressure 


Los 





Re 


Instrumentation (Cont'd) 

taps were pleced one diameter upstream and one-helf ciameter 
downstream from the orifice. These taps lead to a4 mercury 
differential manometer and to an open manometer to determine the 
state of the steam downstream of the orifice. The stegin aot this 
point was assumed to be saturated. As a comparison, the pressure 
differential messured with the cylinder pressure tap at the 
stegnation point was reduced to a mess flow rate. As calculated 
in Appendix II, both were of the same order of megnitude. 

Tne rotating pressure tep of the cylinder was coupled to a 
static pressure tep in the well two diameters upstreeum of the 
cylinder. This arrangement allowed en averaging of any pressure 
fluctuations from the unreguleted steam supply end made calewetions 
of the pressure coefficient very convenient. The two tars were 
coupled by a differential manometer filled with Meriem fluid 
(Specific gravity 2.95). 

The remaining portion of the manometer legs were initially 
filled with water end then individually supplied with water in 
order to insure an outflow through the tap. This procedure caused 
inconsistent readings so the fluid was changed from water to air. 
This technique was intended to preclude any further inconsistencies 
caused by resistence pressure drops.’ The outflow was also intended 
to prevent erratic readings due to any condensation of steam in the 
Manometer legs. 

Condensation rates ere indicated indirectly by the emount 


of cooling water provided the cylinder. A Fisher & Porter "Lab Kit" 
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Instrumentation (Cont'd) 
rotometer No. FP~3/8-13-G-25 was used to measure the cooling water 


Supplied. The stendard conversion table supplied with the "Leb Fit" 


reduced the reedings to flow rates. Condensate velocities ere 


computed in Appendix III. 
Technique 

To begin each data run, the bleed fluid to the manometer 
lines was adjusted in a "zero steam flow” condition to allow for 
an outflow in the legs and no reading across the manometers. 

First the mercury manometer across the orifice meter wee 
adjusted in this manner. Then the same procedure was followed 
for the cylinder and well tec manuicte.. The amount of fluid 
outflow was sdjusted to the minimun recuired to maintain an out- 
flow for all the positions of the cylinder tap. 

The first attempts in the experiment were made with water 
as the bleed fluic in the manometer lines. Attempts to regulete 
the flow through the cylinder and wall taps using weter were 
unsuccessful. The imprecision of the regulating valves caused 
fluctuations in the manometer readings. Even when the fluctuations 
were steadied the date runs were not consistant. 

Theoretically the pressure drop caused by surface tension of 
the liquid across tne mouth of tne pressure tap could be the cause 
of the inconsistencies. Calculetions were made end the magnitude 
of tne pressure drops were of the order of two inches of water. 
Beceuse this is the same order of megnitude as the desired results, 


the fluid for the manometer bleed wus changed to air. By using air, 





Technique (Cont'd) 

the valve regulation was improved and tne surface tension lessened. 
This change stabilized the fluctuations of the manometers and 
provided consistent data. 

With the use of air as the bleed fluid for the manometer 
lines, the initial setting of the pressure in each leg was nade 
more easily. One leg was pressurized by dropping approximately 
one centimeter of Meriem fluid, then the otner pressurized to 
level the manometer fluic. This procedure produced the minimal 
pressure on each leg consistent with the reguirenent to m2intein 
an outflow for all positions of the taps in the flow. The stagnation 
presfu.t uifference measured in centimeters of Meriem fluid of the 
menometer varied from 2.9 to 3.65. 

As indicated in the results section, the mamnitude of the 
reading affected the results of the experiment. Finer reguletion 
of the valves supplying bleed air to tne manometer legs could not 
be accomplished. 

After all the adjustments nad been made on the bleed air to 
the menometer legs, the steam flow wes adjusted to a given rete by 
setting the eppropriate differential across the mercury manometer. 
The readings for each data run were measured at 15° increments 
from 0° (leading stagnation point) to 180°, These points were 
obtained by rotating the cylinder such that the pressure tap was 
located at each of these points. An external indicator wes used 
to piles each setting. This was done for each of the three 


condensstion rates. Tne three condensation rates were as follows: 


None: O ec/min. Light: 53-120 ec/nin. Heavy: 330 or over cc/min. 
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Manometer water Supply 


Schematic Diagram 


Test es OOLing 
Cylinder water 





“yo 
Hanometer 


Water 
| Supply 


Meriam 
Manometer (5.G.2.95) 


Honeycomb 
Mercury rlow 
Manometer 


Stralipvntener 


ry (Y—~-Stexia 
Supply 


Steam 
Exit 





Ds sample Calculation 
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SAMPLE RAW DATA 


TABLE II 


Simplified Calculation 


fi = ID< / h /v Eq 3.1 


peeteritice _ 12h - = (6) 


D = 1.945 in 


3.79 int 
eee) tev 


To calculete v 


=! 
aN 
II 


Then @ 


25.0 cn Merieéi 


I 


Hobs (no flow) 


th 


AHap, (measured) 10.1 cn Merien 


Then hy = 25.0 - 10.1 = 14.9 ca Merian 
h, = h,(S.G.-1) = 5.87(1.95) = 11.4 in H30 = .955 ft 
P = y.,,.h = 62.4 dL x 1955 fe = 59.6 LOL = 414 psig 
Yrater et2 rte 
Therefore Porifice = ef = oAl4 = Ve psia 


Then v for saturated vapor from Steam Tables(7) 


pe 





ee) 
v = 27.51 Sto 
1bm 


2 
. 


Therefore using Equation 3.1 


h = 372 /h./27.51 where h, = 12.57 | =e ca} = 


2.54, em/in 





372 (53.25 = 518 ibn 


Aiea" hr. 
povever oN. = ,a2 + & D 
re 
R U A oy 
= 538 ibm x 1 y 06a = Sle 
hr. ,0287  £t* 1 6295 Iba 
HR- FT. 
= 38,200 


To calculete pressure coefficient 





i = one = 3:65 = 1.0 
a2 vV* ie 3.65 


To calculate cooling weter from Handbock by Fisher Porter 


h = 7.0 


155 cc/min 


Ped te 


53.25 in, waves 
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CHAPTER IV 


RESULTS 


Presentation of Results 

The results of this experiment are presented in the form of 
a series of six graphs representing the individual test runs. Each 
graph is presented with the following data: the idesl streaming 
flow solution, the experimental pressure coefficient, and the 
remaining flow parameters. All test runs were conducted at the 
seme approximate Reynold's Nuaber based on the diameter of the 
cylinder. A single graph of the three most consistant data runs 
is also presented. 

The wall potential solution is calcuicte? in Appendix I and 
summarized in Table J. Data from other researchers is reproduced 
in Figure I. 

Discussion of Results 

The experiment WES originally conceived to determine whether 
or not any changes could be caused in the pressure distribution 
around a cylinder by condensation and if so, how significent are 
the changes. 

In the Technique section, the difference in the manometer 
readings at the stagnation point for the various runs was stated. 
In the graphic results the differences became evident. Because 
the stegnation reading wes used as a divisor in obtaining all the 
pressure coefficient readings, a slight difference caused the 


calculated pressure coefficient to vary. This variation is evident 


ta 
me” — 





Discussion of Results (Cont'd) 

when comparing the readings of all the graphs et any one engular 
position. Of the six graphs only three are suitably consistant to 
attempt a composite graphic presentation. These three ere repro- 
duced in Figure XIII. 

Noting that problems of consistant numerical results exist, 
the trends of the six individual curves may be discussed. Three 
ereas of each greph are worthy of note: the position end 
magnitude of the maximum negative pressure cosfficient, the 
magnitude of the pressure coefficient just beyond this point on 
the circumference of the cylinder (i.e. 90°), and the magnitude 


of the pressure coefficient in the region of the weke (1059-1809) . 


about 75° from the leeding stemmation point. During e211 the test 
runs the rate of condensation caused no dicernable shift from 75°, 
However, the magnitude of the negative pressure coefficient at this 
point alweys did increuse for heavy (830 or greater cc/min.) rates 
of condensation. The results of the light (53-120 cc/min.) rates 
of condensation were inconsistent and did not appear to produce 
sufficient evidence for conclusions, 

In the area on the circumference about 90° from the leading 
stagnation point, the magnitude of the pressure coefficient changes 
significently. All data indicates that condensation causes the 
pressure coefficient to increase negatively. The greater the rate 
of condensation the greater the magnitude of the pressure coefficient. 


Comparing the six profiles with Figure I, the chenge in the shape of 


Ba 





Discussion of Results (Cont'd) 

the esteiea coefficient profile at 90° is not unlike the profile 
changes when the Reynold's Number increases in a non-condensing 
flow condition. 

The two phase boundary layer caused by condensation appears 
to roughen the cylinder surface and thus produce pressure cocfficient 
profiles like those of a larger Reynold's Number. 

The pressure coefficient in the wake region consistantly 
decreases in magnitude with Jncved sineeconaen meee rate. This 
shift in profile is alweys toward the ideal solution. 

It is apparant that the Reynold's Number based on the diameter 
of the cylinder does not provide a complete discription of the flow 
around the condensing cylinder. Because the profile is similar to 
those for larger Reynold's Nunbers, it must be concluded that the 
boundary layer in this oer ient is turbulent vice leminar which 
is the condition usually associeted with theuney nena Nunber of 
this experiment. This turbulence was stimulated by the honeyconib 
and test secticn walls. 

The visual studies conducted through the window were 
inconclusive. The departure of the condensate from the cylinder 
clearly marked the point of separation on the cylinder. However, 
quanitative changes in its position for the various amoumts of 
condensation were not apparant. 

Considering the ideal streaming flow solution es a no drag 
condition, the heavy rates of condensation reduced the dreg anproxi- 


mately 9%. Numerical integration of the area differences between 





Aa Discussion of Results (Cont'd) 
the ideal solution, the non-condensing solution, end the heavy 


condensing solution was used to calculate the reduction. 
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CHAPTER V 


CONCLUSIONS AND. RECOMENDATIONS 


Conclusions 

&. With light condensation rates the pressure profile is 
changed particularly in the area just past the point of raximun 
negative pressure coefficient and in the area of the wake. In 
both areas the change of pressure coefficient profile is toverd 
the ideal solution. 

be. With heavy condensation rates the pressure profile is 
not only chenged as vith the light case, but the maximum negative 
pressure coefficient increases. 

.¢. With hth rates of condensation the amount of change in 
the pressure profile is modest. 
Recomnendations 

a. It is recommended that further investigation into the 
changes caused by selective condensation surfaces, particulerly 
in cases where a negative pressure gradient exists, be made. 

b. Further investigation into the results of this experiment 
should be attempted on steam devices. In particular the steam 
diffvser could easily lend itself to a change in its walls to 


allow them to become a condensing surface. 


See 





APPENDIX J 


”~ 


POTENTIAL THEORY SOLUTION WITH IMAGES 


2 
Vv" sino - v. sino 
re) O + ed 


) = 
r* ie 
=V. (1 + EI sind 
2 
where °, = tan} {3-24 — sing) 
05 = ten- = (3.44 + sino) 
r,° = R~ cos2e + PaG.1A - sing)* 
Pot = R* cos*9 + R°(3.14 + sing)* 

Q 0° 30° 60° 90° 
sino 0.0 «50 rete.’ 1.0 
cosé 1.0 ~866 «50 0.0 

3.14 - sind 314 2.64 2274 Fae BOE: 
3.14 + sino Bode 3.64 3.806 hel 
ten! 9 3.14 3.05 4.55 QO 
al es ES 776° 90° 
tan“? 6, 3614 hee 7.62 Ca 
@, 72.35° ~——'16.6° $2.50 99° 
sino, -.953 ~.950 ~.977 ~1.0 
Bln 65 1.953 + 973 +.991 41.0 


— 38- 





cos” > 


(Gam = sine)* 


a 
(3.14 + sing) 


R* (cos“ot (le sing)*] 


2 
R* [cos*gt (3-14 + sing)”} = ¥,7 


2 2 
R°/ry 
Z 2 
R [v5 
A; R2/y4* 
1 + Foe 
+, 2 Be 
(1 + R/r,") sing, 
2 2 
(1 + R°/r,, ) sino, 
(= F/R) sino 
ves 
Vv 2. 
6 


then Cp = 


T 
pi 


120 
ey 
9.54 
10.54 R* 
10.54 R* 
20948 
00948 
1.0948 
1.0948 
0 
#1.9/2 
+0 
-0V, 


2 
0 ve 


1.0 


205 


fe: 
6.97 
13.26 


71a 


14.01 R* 


01296 
09713 
1.1296 
1,0713 
-1.072 
+1.043 


+1.0 


- 971 V 
0 


Z 
+.943 V 


S057 


025 
5 0 1S 


14.48 


5.43 RA 


14.73 Re 


1845 
.0678 
1.1845 
1.0673 
-1.158 
tio 


tse 


-1.631 V) 


2.562 V6" 


-l e 562 


4.58 R* 
17.28 HF 
2182 
0582 
1.2182 
1.0582 
~1 eae 
#1.058 
‘Bre 


-1.840 4, 


2 
3.338 V, 


—2 » 3838 





APPENDIX II 
MASS RATE OF FLOW COMPUTED FROM 


STAGNATION POINT DATA 





ih Calculation of Mass flow rate 
- 2. 
peep + 1/205 V,, 
ee eee (p= pJe. = 2v, (. = pe 
a osteamn s’©o St ‘Fo 56 


= 105,500 AH(ft) 


amIg5,500 (2,95) 22cm | ie 
2.54 enfin 12 in 


= 37,200 £t*/sec2 


Vo = 193 ft/sec 


Therefore h = o VA 
n= V_ p= 193 ft/sec x .0287 (rt*) 
Vet 27.1 ft 
lbm 
- tba 
Hee sec 
h= 740 poo 


as calculated from orifice data 


f = 522 Xbm 
ne 


Re Discussion 
Considoring that tne exact state of the steam at tne cvlinder 


is not know, and that the cylinder is of finite size, tne calculetion 





of the mass flow is not exact. The calculation of mass flow at 
the orlfice is based on a circular cross section of piping. 
Because the test section is rectangular, the ness flow is not 


exact, 


Sys 





APPENDIX Til 


CONDENSATION VELOCITY CALCULATION 


This calculation of tae velocity of condensation perpendicular 
to the cylinder surfece 1s approximate and only to obtain tae 


order of magnitude of the velocity. 


= AU (AT) 





Using q 
a 1 1 ow a 
where A= 4 + ot + + 
U hy, Nge kK Bt 
ee ete ys SOc tee 
1000 1000 219(12) 1000 
= Pe 4. 
1000 ~00002 38 
= .003 
U = 1099. = 333 
3; 
then g=rD LU (aT) 
= 1430 btu/hr 
| pee, 1430) btu/nr — 1.43 22 
eu 7 Np, 970 btu/1b hr 
then V = op = 1380 ft/hr = .33 ft/sec 


This is negligible. 





ArPIIDIX IV 


BAPERTIINNTAL DATA 


1. Pressure Coefficient Profile One 
Angle fron AH C hm H50 AH C mh H.0 AH C t HO 
Stapnation P P P 
Point cm ec/min cn cc/min cm ec/nmin 
0 be05. 1.0 0 3.05) bs 140 Be05 “lee 840 
15 3.1 0&5 0 Bee 038 11g 362 ~37 840 
30 09 025 0 1.4 38 91 435 wl @Geee 
45 —202 760 0 -1.65 -.45 80 “2.25 =.02 “Gao 
60 =5.4 -1.48 0 ~5.05 -1.65 62 5.3 -1.-45 840 
15-667 1.84 0 6.7 Tek to 2 aes Fe 
99 he -1.23 0 ~loQ -1.34 4,0 -6.1 -1:67 40 
nO5 -3.8 ~1.04 0 93055 =~ 097 30 ~3.3 -.90 840 
120 ~3.6 -.99 0 #3555 =.90 18 -2.95 -.81 840 
135 —3.5 096 0 3045 ~295 15 ~2.75 -.75 840 
159 3045 =-e95 0 3035 -92 1us, -2.70 -.74 840 
165 3.35 -.92 0 =—362) =89 ae -2.55 -.70 6849 
180 —3.15 ~-.87 0 -3.1 -.85 15 2.5 -—69 840 
Average -— -~— 0 ~— --~ 53 == ~— 840 
Np = 37,990 





Ze Preesure Cosfficient Profile Two 


~ 
’ 


ction AH C, th HO AH C, al H.,0 4H Cy la Ho9 
Point ch cc/min cm ec/min em ec/inin 
0 3.6 1.0 0 30" 120 ise 3.6 1.0 840 
15 rl! Aso) 0 3.0 BL 140 362 638 840 
30 LO gs: 029 0 NBEO) Aes, 120 sa a5) 034 $330 
25 -2.10 ~.53 0 =2505 — soe 120 -l.J -~-47 €20 
60 ~5.3 -1.45 0 ~5e2 —-1.42 120 ~5.1 <1.40 20 
15 -6.75 -1.85 0 -7.1 -1.95 120 “7.4 =-2,.93 815 
90 ~4.6 -1.26 0 5h = -1.47 120 -6.55 -1.80 88@ 
105 --3.85 -1.06 ¢) ~3.95 -1.08 120 =3585 -1.06 Sie 
120) <305D 097 O “3-4 - DK IS 3.25 -.89 810 
AD 3.45 -.95 @) -3.2 -.88 i -3.0 -.82 805 
150 3045-095 0 -3.05 -.84 110 =2£20) =—s/S ‘ele 
165 -3.25 ~.89 0 2.95 -.81 105 =2.10 -./h “ens 
150 -3.1 -.85 0 -2.90 -.79 105 -2.05 -.73 "WoO 
Average | -- ~- 0 -- -- 120 -— -- &20 
Np = 38,200 





3 Pressure Coefficient Profile Three 


= 
. 


<a AH Cy ma HO AH = nh HO AH Cy, m 0 
Point cm ec/min cm ec/min cm ec/min 
0 Bee) LeD 0 3225 1.0 15> oD «=D 840 
| 15 2035 88 O 2.85 88 110 oo 89 840 
30 eo 8060 «oe 0 Lae 043 99 1.4 43 840 
45 1.6 -.49 0 “1.45 ~e45 90 1.5 -.46 Wap 
60 -4.6 -1.41 0 Le ~1.35 80 “4.3 -1.32 ea 
Se. -6.45 -1.97 0 -6.2 -1.91 50 ~6.7 -2.06 840 
90 hed, ~1.35 0 -§5.1 ~-lw57 30 =5.5 -1.77 S80 
105 -3.85 ~-1.18 0 3.9 -1.20 30 “3.3 =-1.02 "os 
120 ~3.65 -1,.12 8) W304 ~-1.05 30 —juue 6 aD) | 
ie —3.45 -1.06 0 3.2 one 20 2015 -~-85 840 
150 ee) 0 0 =3.2 3o9 20 ~-20.75 -.85 880 
165 —3.15 -.97 ) -3.0 aoe £5 -2.65 -.82 830 
180 -3.0 -.92 0 ~209 89 15 ~2,65 ~.82 05 
Average  -- -~ 0 -— ~~ 57 ~- =-— 834 
Np = 33,500 


ays. 





de Pressure Coefficient Profile Four 


» 
° 


el AH 7 mh HO AH C ta H.,0 AH C., h 1.0 
Point cm cec/min cm ec/imin nm cc/min 
0 £9 1.0 0 2-9 1.0 155 ee 1.@ 840 
15 xs. 86 0 Rel, 083 149 Zel, 083 840 
30 o.6 o2l 0 0.6 Rail 140 6.6 e211 840 
45 -—2.4 +93 0 weed =e ID 110 2235 ~.81 $840 
60 5.4 -1.86 0 ae) MES, aba) ~6.15 -2.12 840 
75 ~Teh -2.54 0 =o meee 95 7.75 ~2.58 840 
90 -5.0 -1.74 O =5 oie )5) -6.05 -2.09 840 
105 ~A.6 -1.59 0 ~4.55 -1.57 o> 4.25 -1.47 9 34Y 
120 “4.4 -1.52 0 ~A.15 +1.43 GU ~3e%e 21.30) Ae 
35 whet ~1.52 O ~-4.05 -1.40 80 3.55 -1.22 849 
159 whee od =1Le 50 0 -4.95 -1.40 &O ~3.55 -l.ee2 840 
165 =/eNG aly Ae) 0 ~3.85 -1.33 80 3.45 -1.19 840 
180 -3.95 -1.37 0 =3¢ (50 eso 710 ~3.45 -1.19 S840 
Average — -- 0 == =~ 103 = -- 840 

Nz = 39,000 





oe Pressure Coefficient Profile Five 


Angle From 
otapnation 


Point 


hs, 
30 
45 
60 
75 
99 
105 


120 


AH o. 
cm 
Zee ee) 
Le) oO9 
ae) 032 
-1.9 -.68 
—3.7 ~1.32 
~6.5  ~2432 
~4e6 1.64 
-4eol -1.46 
oe? 939 
3.7 -1.3c 
~3.6 =-1.29 
~3.5 -1.25 
SIC Ayres 
Np = 37,990 


m H.O0 
é 


ec/min 


Ail 


cin 


1.0 
~1.9 
405 
~6.5 
4.7 
-4.9 
~3.7 
~3.6 
-3.6 
3.5 
204 


C 
p 


1.9 


«89 


-.68 
-1.61 
£032 
-1.68 
“1.43 
~1. 3K 


m 0 


cc/iin 


110 
90 
90 
90 
90 
90 
80 
65 
65 
65 


60. 


50 
Do 
77 


-Z2.94 
—1.43 


-1.<5 


-l.11 


-] ® 07 


md O 
Z 


cec/min 


840 
840 
&40 
84,0 
849 
840 
840 
840 
840 


8490 


840 
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6. Pressure Coefficient Profile Six 


ae AH * cs ih HAO sho Gh HO HC, 0 
Point cn - ec/min cm ec/min cn ec/min 
0 3.5 (ee oat B65) Dav 120 3.5 1.0 [ieee 
15 3.0 “eG 0 Bee 91 11215 3.255 .93 azo 
30 1s 0 0 LS Eee ey Me Me 1.65 .47 840 
5 1.65 ~.47 0 “1.25 --.36 105 -1.15 -.33 840 
60 a) ed en ay 0 -3.55 -1.02 105 -4.45 -1.27 840 
75 ~6.2 -1.77 0 “62605 =2.73 105  <6.4 =1.263 eee 
90 ~-4.2 ~1.20 0 ~4.15 -1.18 105 -4.9 -1.40 840 
105 =45, SNe 0 ~3.55 -1.02 105 -3.3 -.94 840 
120 =eeo -.93 0 -3.05 -.87 105 ~-2.75 -.79 Si@ 
135 ~3.05 -.87 o) 2095-084 100 ~2.1 =.17 Mew 
150 -2.95 -.84 0 -2.85 -.82 95 =2.6 =. Tiers 
165 -2.85 ~.82 0 e/a he 95 =2.4 ~=.70 ies 
180 ae =. 77 0 ae er | 95 -2.35 -.67 840 
Average ~ -~ @) -- == 105 — —_ 840 

Np = 37,900 


aoe 
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he 
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